Infection with the hepatitis B and C viruses may occur through contact with infected body fluids, including injury with infected sharps. Collectors of domestic or healthcare wastes are potentially exposed to these infections. The aim of this article is to investigate the risk factors associated with the prevalence of hepatitis B and C viruses (HBV and HCV) infection among domestic and healthcare waste workers in Belo Horizonte, Brazil. A cross-sectional study of hepatitis B and C infection was conducted from November 2014 to January 2015, through blood sample collection and interviews about socio-demographic factors with 61 workers exposed to healthcare waste ('exposed') and 461 exposed only to domestic wastes ('unexposed'). The prevalence of antibodies to HCV (Anti-HCV) antibodies was 3.3% in 'exposed' workers and 0.9% in 'unexposed', and of antibody to hepatitis B core antigen (Anti-HBc) was 9.8% and 5.6% in 'exposed' and 'unexposed' workers, respectively. Only 207 (44.9%) of those exposed to domestic waste and 45 (73.8%) of those handling healthcare waste were effectively immunised against hepatitis B virus (HBV). Exposures to domestic waste and to healthcare wastes were associated with similar risks of infection with HBV. The risk of hepatitis C virus (HCV) infection was marginally higher among healthcare waste workers compared with domestic waste workers, probably because of needlestick accidents owing to deficient sharps management systems. Immunisation against hepatitis B and screening tests to ensure the success of vaccination should be a condition for recruitment for both groups of waste workers.
Introduction
Hepatitis viruses cause liver inflammation, which may lead to fibrosis, cirrhosis or liver cancer (Braga et al., 2004) . The hepatitis B and C viruses (HBV and HCV) are usually transmitted through contact with infected body fluids, such as blood and semen. Transmission of either virus can be perinatal or percutaneous, and HBV is more commonly sexually transmitted than HCV (Stevens and Coyle, 2000; World Health Organization, 2015a) . In particular, the parenteral route includes exposure to shared needles or syringes, to tattoos or piercings, to dental or other surgical procedures, and injury with infected sharps (Brasil, Ministério da Saúde, 2010; Patel, 2015) . Lesion from sharps previously used on infected patients is associated with a risk of infection of 18%-30% for HBV, 1.8% for HCV and 0.3% for HIV (Alter, 1995; Pruss-Ustun et al., 2005; Puro et al., 2010; World Health Organization, 2015b) .
The global prevalence of HCV infection is estimated at around 2% or 3% of the population, implying that around 150 million people have this chronic infection worldwide. About 500,000 die each year owing to liver problems resulting from HCV (Martins et al., 2011; World Health Organization, 2015a) . Regarding HBV, it is estimated that 240 million people are chronically infected around the world, defined by HBV surface antigen positivity in the last 6 months. More than 780,000 die every year from complications associated with HBV (Nascimento et al., 2012; World Health Organization, 2015a) .
HBV has been found in body secretions and excreta. However, the only proven vehicles of infection are blood and body fluids, semen and vaginal fluids (Patel, 2015; Puro et al., 2010) . The virus shows environmental persistence and a very small amount is sufficient to cause infection. The number of infectious particles of HBV and HCV in infected blood can reach 10 9 ml −1 and 10 6 ml −1 , respectively (Sattar et al., 2001) . Bond et al. (1981) and the World Health Organization (2015a) concluded that objects or surfaces that had contact with body fluids infected by HBV, including blood, plasma or serum, if not cleaned properly, could be a source of transmission of hepatitis B for more than 7 days. HBV concentration in clotted blood in the environment is usually high, increasing the risk of infection.
Some studies suggest that domestic waste can be similar to some types of healthcare wastes, in particular because it may include blood, faeces, secretions, and also used hygienic absorbents, dressings and syringes contaminated with potentially infective organisms (Borg, 2007; Cussiol et al., 2006; Rutala and Mayhall, 1992) . Pathogenic micro-organisms are present in domestic and healthcare wastes, suggesting that caution is needed in both waste management systems. Thus, workers who collect domestic or healthcare wastes are potentially exposed to body fluids during their employment, and consequently to the potential presence of HBV and HCV. Contact with these liquids may carry a risk of infection, especially when associated with needlestick accidents, favouring the entrance of the infections agent.
When comparing health risks of exposure to domestic and healthcare waste, it is not clear which type of waste carries a higher health risk through unprotected contact. Some literature reviews have indicated the importance of this question, but no conclusion is offered (Corrao et al., 2013; Mol et al., 2015; Tooher et al., 2005) .
Therefore the aim of this article is to investigate the risk factors associated with hepatitis B and C infections for domestic and healthcare waste workers in Belo Horizonte municipality, Brazil. The need for the implementation of an adequate immunisation policy is also discussed.
Methods
Data collection included collection of blood samples and of sociodemographic information gathered through an interview, for a cross-sectional study, carried out between November 2014 and January 2015. The research was performed in accordance with the Brazilian National Ethics Commission (CONEP/CNS) guidelines and approved by the Research Ethics Committee of UFMG (18 June 2014, protocol CAAE -28018714.6.0000.5149).
The sample size calculation was based on the Kelsey model (Dean et al., 2013) adopting the ratio of eight domestic waste workers for each healthcare waste worker. This ratio was adopted owing to the small number of healthcare waste workers in the city where the study took place. The sample size required for HCV was also adopted because the requirement was larger than for HBV. The requirement was for 56 'exposed' workers (i.e. who handle healthcare wastes), and 444 'unexposed' workers (who handle domestic wastes).
A total of 95 healthcare waste workers and 800 domestic waste workers were invited to participate. Owing to various circumstances, such as withdrawals and failure to arrive in time for interview, data were collected from 522 workers, 61 exposed to healthcare waste and 461 to domestic waste. Each worker was invited to participate after receiving a thorough explanation about the study: those who agreed to participate signed the consent form. This was followed by blood sample collection and the socio-demographic interview. From all workers who were able and willing to participate, the sample was selected by randomisation.
The main inclusion criterion was the type of work activity: 'exposed' subjects were those who handled healthcare wastes and 'unexposed' were those who handled domestic wastes. There were no inclusion or exclusion criteria other than occupation. Thus, every worker exposed to wastes was eligible for inclusion, independent of exposure time and duration, age or gender.
Blood samples were collected by experienced nurses. Approximately 10 ml of blood was collected from each participant. The tubes were centrifuged for serum separation before being sent for analysis.
Every serum sample was screened for hepatitis B surface antigen (HBsAg), the first marker that appears in the course of infection with HBV, and for antibody to hepatitis B core antigen (Anti-HBc), that represents previous contact with this virus. Afterwards, all samples were tested for antibody to HBsAg (Anti-HBs), to identify immunity against HBV. Samples were also screened for antibodies to HCV (Anti-HCV), to identify subjects with previous contact with HCV.
Serological tests used Architect i2000sr trials based on CHEMIFLEX technology, through chemoluminescence detection -a variation of the immunoassay enzymatic principle (EIA). The samples were stored at −10 °C to −40 °C, according to the manufacturer's instructions.
Interviews were applied by researchers trained for this activity. The socio-demographic questionnaire included personal characteristics, economics, occupation, occupational conditions, work accidents reported, type of waste handled, reports of potential health risk, immunisation status, contact with fluids/ wastes and social history including: sexual habits, alcohol and drug use, tattoos, piercings, blood transfusion and imprisonment history. These questions were used in multivariate models for outcomes analysis.
Data were analysed using R software, version 3.2.0. Fisher's Exact Test and the Chi-Square Test were used for categorical variables, and the Mann-Whitney Test for quantitative variables (Agresti, 2002; Hollander and Douglas, 1999) . Confidence interval for odds ratio was adjusted for small samples when the Fisher's Exact Test was used (Jewell, 2004) . The zeros in the contingency table were changed to 0.5 to enable confidence intervals to be calculated.
Results
Selected characteristics of the subjects are presented in Table 1 for the two exposure groups (domestic and healthcare). There were statistically significant differences between the groups for the variables gender, education level and household monthly income. Healthcare waste workers had a higher income and higher percentage of advanced educational standard than the domestic waste workers. These differences did not affect the risk for hepatitis B or C infection. In general, exposed and unexposed subjects presented similar characteristics in several aspects.
Most subjects were male; 78.5% (410) versus 21.5% (112) female. Self-declared ethnicity for the majority of participants (81.2%) was black 34.2% (178) or dark/brown 47.0% (245). Predominant education level was basic, 64.2% (335). Median age was 35 years, not much different from the mean for each of the exposure groups. Table 2 presents the univariate analysis for both HCV and HBV (HBsAg and Anti-HBc) outcomes, according to the main socio-demographic characteristics of the study population. Statistically significant differences were: tattoo or piercing for HBsAg; and Educational level, Age and Years of service for Anti-HBc. Years of service was the only variable Data for these variables are available for less than 461 subjects (domestic) or 61 (healthcare) because question did not apply or subject did not answer. associated with labour activities, which also showed an association with an outcome. Prevalence of Anti-HCV was 3.3% among healthcare waste workers and 0.9% for the domestic waste group, and prevalence of Anti-HBc was 9.8% and 5.6%, respectively. Thus previous contact with HBV or HCV was more common among those exposed to healthcare wastes than to domestic wastes. However, the differences were not statistically significant. Anti-HBs, a marker for previous vaccination, was found in 73.8% of healthcare waste workers, as compared with only 44.9% in those exposed to domestic wastes.
Multivariate models of HCV and Anti-HBc are presented in Tables 3 and 4 . The variable waste exposure was always retained in the models, just like those significant or marginally significant variables, to support the understanding of occupational risk of hepatitis. There was no multivariate model for HBsAg serology owing to the insufficient number of positive results.
Regarding vaccination history, Table 5 depicts workers recall on past hepatitis B vaccination and the Anti-HBs current results.
Discussion
The multivariate model of HCV indicated three possible factors that could be associated with the outcomes. Two were for occupational exposure: use of individual protection equipment, and domestic or healthcare exposure. The third independent factor was history of imprisonment. Healthcare waste exposure presented a higher risk than domestic waste exposure, and, although the difference is only marginally significant, it should not be ignored. The individual protection equipment use represented a protective factor as HCV seropositivity was less likely among workers who reported its regular use. Non-use suggests HCV infection risk for both groups of workers, independent of type of waste. History of imprisonment was significantly different between exposure groups with a high odds ratio, suggesting an independent factor of waste exposure that can explain the risks of HCV infection among waste collectors. Approximately 10% of all waste collectors reported history of imprisonment ( Table 2) .
History of imprisonment was associated with high prevalence of hepatitis B and C, in particular owing to sexual activities without a condom and sharing infected equipment, including injected drugs (Dolan et al., 2010; Gidding et al., 2015; Heimer et al., 2015) .
In relation to waste exposure, similar analysis in Ethiopia showed HCV detection in only one (1.0%) worker exposed to healthcare waste and none (0.0%) in unexposed, suggesting a HCV seroprevalence higher among those exposed, but this analysis was based on a small number of serologic results (Anagaw et al., 2012) . Another study, by Franka et al. (2009) , also indicated a higher risk for those exposed to healthcare waste compared with the unexposed group of workers, including 600 Libyan workers, 300 healthcare waste collectors and 300 who collect the common part of healthcare waste. The common part of hospital waste is different from urban domestic waste, because the urban type usually includes body fluids mixed in to the wastes. The HCV was detected in eight (2.7%) and none (0.0%), respectively, in healthcare waste exposed and unexposed (p < 0.005).
The association between healthcare waste exposure and HCV infection risk suggests a higher risk from exposure to healthcare waste, as found on serologic results of Belo Horizonte waste workers and other studies (Anagaw et al., 2012; Franka et al., 2009) . In particular, large numbers of sharps accidents were reported, which increases the risk of infections, according to many similar studies Blenkharn and Odd, 2008; Domingo and Nadal, 2009; Giancotti et al., 2014; Lazzari and Reis, 2011; Porta et al., 2009; Poulsen et al., 1995; Silva et al., 2014; Velloso et al., 1997; Vieira et al., 2011) .
The multivariate model for Anti-HBc did not suggest that the type of waste was associated with the outcome. The association with age and length of service were statistically significant, with higher risk associated with more years of service. Another marginally significant association was with reported extramarital sex relations in the last year. However, both groups of workers may be susceptible to HBV with increased risk over time.
The length of time collecting domestic or healthcare waste was also found, in other studies, to be associated with higher probability of infection, and consequently, higher HBV prevalence. Shiferaw et al. (2011) found odds ratio (OR) = 10 (95% CI 3.7 to 32.1) for the age group between 40 to 49 years, compared with younger workers. Rachiotis et al. (2012) found the workers' ages were associated with infection prevalence, pointing out OR = 5.22 (95% CI 1.35 to 20.1) for older workers when compared with younger. Dounias et al. (2005) found higher Anti-HBc prevalence in elder Greek workers, and Tsovili et al. (2014) , indicated that the mean age of those who tested positive for Anti-HBc was significantly higher in workers belonging to the group 'exposed' to waste when compared with those 'unexposed', and the length of service (in years) collecting wastes suggested higher Anti-HBc occurrence among the more exposed.
Studies comparing domestic and healthcare waste collectors' exposure showed divergences. Ferreira et al. (1999) investigated Anti-HBc serology in 186 Brazilian workers, 31 healthcare waste workers and 155 domestic waste workers. They found Anti-HBc in 12.9% of healthcare waste workers and 14.2% in domestic waste workers, OR = 0.9 (95% CI 0.24 to 3.0). Thus the risk of infection with HBV was similar in these two groups of workers.
Nevertheless, the study in Ethiopia by Shiferaw et al. (2011) involved 252 workers; 126 exposed to healthcare waste and 126 to the common part of hospital wastes in three public hospitals. No workers had been immunised against HBV prior to the study.
HBsAg was found in eight (6.3%) healthcare waste workers and one (0.8%) exposed to the common part of hospital wastes, with an OR = 8 (95% CI 1.02 to 63.02; p = 0.01). Prevalence of HBV was higher in healthcare waste exposed workers, although the prevalence of HBsAg was 7% and Anti-HBc was 45%-53% in the population of Ethiopia at that time.
A similar study evaluated 200 workers of an Ethiopian hospital, 100 healthcare waste collectors and 100 exposed to the common part of hospital wastes. Antibodies to HBV were detected in six (6.0%) healthcare waste workers and in one (1.0%) exposed to the common part of hospital wastes, giving OR = 6.3; p = 0.04, suggesting an association between high infection risk and the type of waste collected, but was unable to prove it because of the small sample (Anagaw et al., 2012) .
A Libyan study included 600 workers (300 exposed to healthcare waste, 300 to the common part of hospital wastes). Antibodies to HBV were detected in seven (2.3%) 'exposed' and one (0.3%) 'unexposed'. The odds ratio found for HBV infection was OR = 7.14 (p < 0.04), evidencing a significantly higher HBV prevalence in workers exposed to healthcare waste than to those exposed to the common part of hospital wastes (Franka et al., 2009 ).
The Ethiopian and Libyan studies suggested higher HBV infection risk in exposed than unexposed, focusing exclusively on hospital waste workers. The common part of hospital wastes are usually different from urban domestic wastes, not least because they often contain body fluids, which would explain the difference found. Both healthcare and domestic wastes seem to carry similar risk of infection for collection workers. This is true of HBV and of HCV.
There were no significant differences in the presence of HBsAg and anti-HBc between healthcare and domestic waste workers of Belo Horizonte. Some researchers argue that healthcare wastes have greater risks than domestic waste (Gershon et al., 2005; Tooher et al., 2005) , but others maintain that the risks are similar (Borg, 2007; Costa e Silva et al., 2011; Cussiol et al., 2006; Ferreira et al., 1999; Mühlich et al., 2003; Zanon, 2002) . Healthcare wastes and domestic wastes both demand a secure management system because of some dangerous characteristics, including biological and accident hazards, especially the presence of body fluids mixed in the wastes. 
Infection risks owing to waste exposure
An investigative study after a needlestick accident used an ribonucleic acid (RNA) test to demonstrate HCV infection was carried out in relation to a subject who reported no drug use, blood transfusion, surgery, tattoos, piercings or other similar recent procedure. Serology for HBV and HIV were negative (Libois et al., 2005) . Another study offered little information about the risk of hepatitis infection from mucocutaneous contact, but reported one case of HCV seroconversion after body fluids splashed in the eye of a subject, and another case of HIV and HCV infection arising from the same exposure route (Sartori et al., 1993) . Contact with body fluids or needlestick accidents represent potential risk for HBV infection. The high prevalence of reported needlestick accidents, 53.9% in domestic waste workers and 75.0% in healthcare waste workers, shows a worrying exposure context that minor cuts and punctures are dangerous. Lack of a statistically significant difference between reported answers for the two groups indicate that both do dangerous work, with frequent occurrence of this type of accident. Shiferaw et al. (2011) reported a high proportion of positive Anti-HBc associated with the occurrence of blood or body fluids splashing in the eyes, mouth or nose: 17 (48.6%) of 35 workers were initially positive, but after needlestick accidents this rose to 15 (60%) out of 25. Tsovili et al. (2014) found six (28.6%) positive Anti-HBc reports associated with a needlestick accident, vs. one (3.4%) unexposed to wastes with a similar accident. Rachiotis et al. (2012) found a relative risk (RR) of 2.64 (95% CI 1.01 to 6.96) for the association between reported needlestick accidents and HBV positivity. Luksamijarulkul et al. (2008) suggested needlestick accidents were associated with seropositivity for HBV in workers exposed to domestic wastes (OR = 4.21, p < 0.0001). Finally, El-Gilany et al. (2013) , pointed out that individual protection equipment was used only by a minority of Egyptian waste workers, 4.2%, 3.3% and 0.8% for gloves, boots and masks, respectively. According to the workers, this protection equipment was unavailable. Whatever the cause, it culminated with the reported 50.8% prevalence of needlestick accidents.
Other studies specifically investigated urban domestic waste collectors, but did not include healthcare waste exposure. Various comparison groups of workers were adopted in these studies, including gardeners, office workers and workers performing other activities with no waste contact. Higher prevalence of hepatitis infection was found in those exposed to domestic wastes versus unexposed to wastes, corroborating the hypothesis that domestic waste exposure also carries a risk of hepatitis B or C infection (Dounias et al., 2005; El-Gilany et al., 2013; Luksamijarulkul et al., 2008; Mariolis et al., 2006; Rachiotis et al., 2012; Squeri et al., 2006; Tsovili et al., 2014) .
Immunisation
The workers' immunisation status is presented in Table 5 , indicating that 400 (86.8%) workers (340 exposed to domestic waste and 60 to healthcare waste) reported being vaccinated against hepatitis B. However, Anti-HBs as a proxy of effective immunisation was positive in only 252 (54.7%) workers (207 exposed to domestic waste and 45 to healthcare waste). Those who are exposed to wastes but not effectively immunised are at high risk of infection. Many are not aware of the real risk of becoming infected during routine work. In Brazil, since March 2010, the HBV vaccine has been distributed for free by the Unified Health System for vulnerable groups, which includes domestic and healthcare waste collectors.
Similar studies in Libya have pointed out that only a minority (21.0%) of waste workers were vaccinated against HBV (Franka et al., 2009 ). Squeri et al. (2006) found that of 183 (56.0%) Italian workers considered protected against HBV owing to the presence of Anti-HBs, only 98 were vaccinated and thus the other 85 have had previous contact with HBV. In relation to other work groups, the HBV vaccination coverage in Greek medical, nursing and paramedical students was 83% (Papagiannis et al., 2016) . Jack et al. (1999) , Tooher et al. (2005) , Gershon et al. (2005) and Zuckerman (2006) showed that vaccination against hepatitis B is an important measure to protect workers exposed to wastes, both healthcare waste and domestic waste, and should be given before exposure starts. Immunisation is critical to the prevention of hepatitis B, in particular those workers most exposed to wastes. There is currently no available vaccine against hepatitis C.
Conclusion
The handling of healthcare wastes carries a risk of infection with HBV, similar to the risk of handling domestic wastes. There was a marginally significant difference in HCV infection risk and higher infection risks from exposure to healthcare waste than to domestic waste, probably owing to needlestick accidents, which points to an ineffective sharps management system. Studies performed in hospitals have also compared healthcare waste and the common part of hospital wastes. The common part of hospital wastes is different from urban domestic wastes, because the urban type usually includes body fluids mixed into the wastes. Both healthcare and domestic waste exposures represent risk for infection with hepatitis viruses.
In this context, it does not seem prudent to emphasise a difference in health risks for healthcare waste compared with domestic waste. It is preferable to evaluate carefully the waste management system of healthcare waste generators and the characteristics of each type of waste according to associated hazards, to provide appropriate segregation and consequently, minimise risk of workers exposed to the wastes. The main risk pointed out for present discussion is associated with needlestick accidents, and it is well-known that healthcare waste should be properly segregated and packed before collection. Failures in separating these wastes increase accident risks, and the waste generators are responsible for proper management of this stage. The difference between risks may indicate inappropriate management of one type or the other, rather than a difference in the waste characteristics.
